Background: Cyrtotrachelus buqueti is a forest pest that severely damages bamboo shoots. Reducing 18 the population of this insect involves complex mechanisms and is dependent on diverse gene 19 expression influenced by environmental factors.
Introduction
Pathways with an FDR value ≤0.05, which were defined as those with genes, showed significant levels 140 of differential expression. were analyzed using the 2 −ΔΔC T method. The data are indicated as mean ±SE (n=9). Statistical analysis 156 of the RT-qPCR data was conducted using the ANOVA procedure in SAS 8.1 (SAS Institute, Cary, NC,
We detected 10 pupal cells with C. buqueti adults or larvae in each area. The reason for the small 162 sample size is that few pupal cells were found in Chishui. Eight adult and larvae died or decayed in the 163 Chishui pupal cells (Figs. 1A-C), but only a few adults were found dead in those obtained from 164 Muchuan (2/10) ( Fig. 1D-F ).
165
The quantitative distribution of C. buqueti in Muchuan was much higher than in Chishui. We also 166 found several differences in the living environments of C. buqueti between the two regions. Chishui 167 had higher heavy metal concentrations in the soil and pupal cells than Muchuan, with metals such as
168
Hg and Se ( Fig. 2A & B) . The pH of the soil and pupal cells was higher in Muchuan than in Chishui 169 ( Fig. 2C) . Moreover, the annual mean temperature in Chishui was 18.1°C and could reach 28°C in July.
170
By contrast, the temperature in Muchuan was more than 1°C lower, averaging at 17.0°C ( Fig. 2D ). 
187
categories. The unique sequences in cellular components were divided into 20 classifications with the 188 most abundant being cell part (75 UniGenes) and organelle (37 UniGenes) ( Fig. 3D ).
189
The matched unique sequences were divided into 24 categories using Clusters of Orthologous Groups
190
(COGs) of proteins (Fig. 3C ). The dominant category included general functional prediction, amino acid transport and metabolism, translation, ribosomal structure and biogenesis, post-translational 192 modification, protein turnover, and chaperones ( Fig. 3D ).
193
However, the effect of this diverse gene expression on the decreased population density of C. buqueti 194 in Chishui remains unknown. First, we performed a hierarchical clustering of the six samples using the
195
Euclidean distance method associated with complete linkage. C2 and C4 were close to each other, 196 similar to D3 and D4 ( Fig. 4A ), suggesting the use of C2, C3, and C4 or D2, D3, and D4 as three 197 biological repeats. We summarized the expression level of each gene with HT-seq by reads per kilobase 198 million mapped reads (RPKM). The two groups were compared using DEGseq 127 to identify 199 differentially expressed genes (DEGs). We found 348 DEGs by using a false discovery rate (FDR), 
203
We also performed hierarchical clustering of all DEGs by using the R Project for Statistical Computing 204 ( Fig. 4B ). Nine clusters were plotted with expression patterns (Fig. 4D ). The S1 cluster included 18 205 upregulated genes from both samples, and the expression levels of these genes were similar in both the 206 C-and D-groups. Thirty-two of these genes in the S2 cluster were upregulated in both groups, and the 207 expression levels in the C-group were higher than those in the D-group, and 39 genes had opposite 208 expression patterns. The 35 genes in S3 were downregulated in the D-group but showed no significant 209 changes in the C-group. Interestingly, genes in the S4 cluster had expression patterns contrary to those 210 in S3. The genes in cluster S5 possessed the most DEGs, but gene expression was not significantly 211 different between the two groups. Notably, the gene expression pattern in C4 was distinct from the 212 others. The S6 cluster was composed of 13 genes, the expression of which was downregulated in the 213 C-group compared with the D-group. Genes in the S7-S9 clusters were downregulated in both groups 214 ( Fig. 4D ).
215

Functional classification of DEGs between the two groups 216
We used GO assignments to classify the functions of DEGs in pairwise comparisons of cDNA libraries 217 between the different groups ( Fig. 5 ). Comparative results of the C and D groups showed that many 218 GO terms were significantly enriched in the three categories. The translation and cellular protein 219 metabolic process pathways were significantly enriched in the biological process category (P < 0.05) 220 ( Fig. 5A ). The ribosome, non-membrane-bounded organelle, intracellular non-membrane-bounded organelle, and ribonucleoprotein component GO terms were significantly enriched in the cellular 222 component category (Fig. 5C ). The structural molecule activity and structural constituents of ribosomes 223 terms were significantly enriched in the molecular function category (Fig. 5B ).
224
We then performed a KEGG analysis of the DEGs. Most of the genes were assigned to the ribosome, Supplementary Fig. 1 ), were downregulated in the D group (Fig. 6 ). This suggests 237 that IMP synthesis would be disordered in the D group. Moreover, SHMT1 and SHMT2, which are 238 serine hydroxymethyltransferases and are involved in one-carbon metabolism ( Supplementary Fig 1) , 239 also had lower expression in the D group than in the C group (Fig. 6) . MTHFR in the D group, which 240 participates in folate metabolism ( Supplementary Fig. 1 
248
families (Pappu and Mardon, 2002) . In this study, we found 10 PAX6 homologous genes, 10 EYA 249 genes, three SO genes, and four DACH genes ( Supplementary Table 1 ). The expression of these genes 250 in the C group was not significantly different from that in the D group ( Supplementary Fig. 2 ). mechanisms for genetic engineering or the marker-assisted selection of C. buqueti feeding, which could 253 alter the quantitative distribution of C. buqueti.
255
3.6 DEGs involved in the ribosome category 256
The molecular mechanism involved in the decreased population numbers in Chishui was the 257 downregulation of ribosomal protein genes, resulting in decreased ribosome numbers, and enlarged 258 ribosome size (Korostelev et al., 2006 , Zhang et al., 2014 . In our study, we found that 41 The transcriptional regulation revealed by RNA-seq was confirmed in three independent biological 271 experiments using RT-qPCR. A total of 20 genes were selected to design gene-specific primers; 10 272 were involved in the ribosome pathway, five in the one carbon pool by folate pathway, and five coded 273 HSP ( Table 1 ). The RT-qPCR results for all genes were tested statistically and most genes showed 274 significantly different expression levels (P=0.05, Fig. 9 ). Moreover, 20 genes showed significant 
284
buqueti adults or larvae. The results showed that the adults and larvae died in the pupal cells in Chishui,
285
but only a few adults were found dead inside the pupal cells in Muchuan, as predicted. The potential 286 reasons might be that the living environment altered, inducing the formation of several physical and 287 physiological defects in the insects or causing bamboo shoots to become more toxic to the insect. These 288 characteristics shortened the lives of both larvae and adults and even caused death.
290
Heat is known to cause endogenous (species-native) proteins to misfold into aggregation-prone species, , 1996) . The structures and functions of DNA and RNA are altered at high 296 temperatures, and thus stable heredity can be adversely affected (Liao et al., 2015) . We analyzed the 297 temperature patterns in the two regions and found that Chishui had a higher average temperature than 298 Muchuan (Fig. 2D ), especially during July and August, with maximum temperatures of over 40°C.
299
Ironically, Nanning, in Guangxi Province, China, which has a higher annual mean temperature than 300 Chishui (data not shown), reported serious damage caused by C. buqueti. These results indicate that 301 high temperature only partially, rather than primarily, affects the C. buqueti proliferation. In addition,
302
our results showed that Hg, Se, and As existed in higher concentrations in the soil and pupal cells in
303
Chishui, and that the Cd concentration was higher in the pupal cell in Chishui, than was found in 304 Muchuan ( Figs. 2A and B ). Plants and animals may accumulate heavy metals like Cd, Se, Hg, Cr, and
305
Pb from the soil, which negatively affects protein synthesis, ribosome structure and function, and RNA Supplementary Fig 3. Therefore, we assume that a 309 high heavy metal concentration might play a dominant role in reducing the population of C. buqueti in metals generally became more available to organisms at increased pH levels (Sijm et al., 2000) . The
312
results showed that pH levels below 5 in Chishui and up to pH 6 in Muchuan, especially up to pH 7.5 313 in pupal cells (Fig. 2C) , might affect the ribosome-catalyzed peptidyl transfer and the bioavailability 314 and toxicity of heavy metals. In summary, the combined effects of high-temperature, high , 2012 , , Sweetman et al., 2012 . In our study, we sequenced and annotated the transcriptome of C.
323
buqueti samples from the two study areas to screen for genes responsible for the observed variety of 324 quantitative distribution. A total of 52 million pair-end reads were generated. An average of 94.2% of 325 the data were mapped to the transcriptome (Table 2) remarkably downregulated, and only 77 genes were upregulated in the D group that were not 336 upregulated in the C group (Fig. 4C) . These variations may be consistent with the morphological and 337 physiological changes in C. buqueti, which were probably due to changes in the living environment of 338 this species. Moreover, nine clusters were plotted with expression patterns that indicated that certain 339 genes could be responsible for the reduced distribution. The GO enrichment analysis revealed that 340 translation, ribosome, and structural constituents of ribosomes were overrepresented terms for DEGs ( Figs. 5A-C) . These may contribute to the regulation of ribosome protein gene expression, thus 342 affecting ribosome quantity and enlarging ribosome size. KEGG analysis also revealed that most genes 343 were assigned to the ribosome, one-carbon pool by folate, biosynthesis of amino acids, purine 344 metabolism, metabolic pathways, and biosynthesis of secondary metabolite processes categories (Fig.   345   5D ). Thus, these processes play an important role in ribosome quantity, enlargement of ribosome size,
346
and enhancement of enzyme activity.
348
Folate is a cofactor that transfers single-carbon units (e.g., CH3 and CHO) in numerous reactions.
349
One-carbon metabolism includes nucleotide synthesis (purine ring and thymidine from uridine;
350 Supplementary Fig 4 and 1) 
363
We found the following five genes in this study: AIRS and GARS were the key enzymes of IMP 364 synthesis; SHMT1 and SHMT2 were serine hydroxymethyltransferases and are involved in the 365 one-carbon pathway; and the MTHFR gene participates in folate metabolism. These genes were 366 downregulated in the D-group (Fig. 6) , which can explain the reduced quantitative distribution of C.
367 buqueti in Chishui.
369
Ribosomes are integral parts of any given cell, playing an important role in linking genotypes to 370 phenotypes by manufacturing the proteome. Ribosome construction is essential to maintain cellular homeostasis and is also the single most expensive metabolic process for a cell (Raska et al., 2004) . A 372 dividing mammalian cell requires 10 million ribosomes (Purves, 2000) , and a rapidly growing bacterial 373 cell requires as many as 20,000 ribosomes (Berg et al., 2006) . Therefore, the downregulation of 374 ribosomal protein genes results in the corresponding reduction of ribosome proteins, thus decreasing 375 the quantity of ribosomes in a cell (Korostelev et al., 2006) . The enlargement of ribosomes would 376 induce an alteration of biological ribosomal functions and decrease ribosome biogenesis in cells. A
377
previous study showed that cell growth and proliferation could be derived from ribosome biogenesis 378 (Zhang et al., 2014) . Thus, ribosome biogenesis is tightly linked with cell growth and proliferation 379 (Trainor and Merrill, 2014 , Raiser et al., 2014 , Bolze and Casanova, 2013 . Our study found that 32 
). Interestingly, five HSP genes were downregulated in the D group, which were the homologous 394 genes of Hsp70 in humans (Fig.8) . Moreover, Chishui had a higher average temperature than Muchuan 395 ( Fig. 2D) . Accordingly, the possibility of protein misfolding might increase, and the overall proteostasis 
406
We explored an effective and safe method to further the molecular understanding of C. buqueti.
407
Muchuan and Chishui, which had different C. buqueti population sizes, were investigated using 408 transcriptome analysis. Several possible environmental factors, namely temperature, heavy metals and 409 pH value, were found to be responsible for the death of C. buqueti adults and larvae in the pupal cells 410 in Chishui, due to hindered metabolic processes, such as protein synthesis, DNA synthesis, RNA 411 synthesis, one-carbon metabolism, purine synthesis, and folate metabolism. Furthermore, we analyzed 412 the expression of RDGE and some HSP genes. The data suggest that the expression of RDGN genes 413 was unchanged, but HSP genes were downregulated in the D group. However, this molecular 414 mechanism did not offer a safer or more effective method for C. buqueti prevention, but enriched the 415 molecular knowledge of this pest. Further studies on the molecular mechanisms of feeding behavior, 416 signal molecules, and flight, among others, might help to achieve this goal. 
